RNA was transcribed from chrmation from mouse fetal liver or brain, by use of DNA-dependent RNA polymerase of Escherichia coli. Globin messenger RNA sequences in the transcript were measured with complementary DNA copied from globin messenger RNA with RNA-dependent DNA polymerase. Globin messenger RNA sequences were found in RNA newly transcribed from chromatin from erythropoietic tissue but not in that transcribed from brain chromatin.
Previous reports from this laboratory (1-3) have provided evidence that there exists in the chromatin of animal cells a control mechanism that mediates the transcription of tissuespecific RNA sequences. In those studies; the overall spectrum of RNA sequences transcribed in vitro from chromatin by a bacterial polymerase was analyzed by low Cot, RNA excess hybridization-reactions, in which only annealing to the relatively reiterated DNA sequences occurs. It has been reported recently (4) (5) (6) that globin mRNA, a tissue-specific messenger, is transcribed from a unique DNA sequence. Although it is still an open question whether DNA sequences that specify protein structure are generally reiterated or unique, this fact challenges the validity of such analyses as a probe for tissuespecific RNA sequences transcribed from chromatin.
The recent use of the RNA-depeiadent DNA polymerasefrom avian myeloblastosis virus to obtain DNA copies (cDNA) of globin mRNA from reticulocytes (7-9) offers a hybridization method for analyzing RNA transcribed in vitro from chromatin for a specific RNA sequences derived from a unique fraction of the genome.
In this report, chromatin from fetal mouse liver, a hemopoietic tissue, is examined by this approach.
METHODS
Total polysomal RNA was isolated from 14-day fetal mouse livers, which contain greater than 70% nucleated erythropoietic cells. Cytoplasmic extracts were prepared with NP-40 (10) , and polysomes were sedimented by centrifugation at 60,000 X g for 90 min. Messenger RNA was fractionated from the total RNA on poly(U)-sepharose columns as described by Darnell et al. (11) . RNA retained by the column and subsequently eluted was analyzed on polyacrylamide gels and tested for the ability to direct globin synthesis in a duck lysate cell-free system as described by Lockard and Lingrel (12) and Lanyon et al. (13) .
Globin mRNA was purified from the reticulocytes of mice made anemic by treatment with phenyihydrazine by passing polysomal RNA twice through a poly(U)-sepharose column. The bound RNA ran as a single 9S component on polyacrylamide gels and directed the synthesis of mouse globin in the duck lysate cell-free system.
A cDNA copy of globin mRNA was prepared with RNAdependent DNA polymerase from avian myeloblastosis virus as described by Harrison et al. (14) . [PH] (15) prepared from takadiastase.
Chromatin was prepared by homogenizing tissues in 20 volumes of 1 mM Tris*HCl (pH 8), 5 mM MgCl2, and 0.05 mM dithiothreitol. After 10 min, 0.25 volume of 1 M sucrose was added, and the nuclei were sedimented at 2000 X g for 10 min. This step was repeated twice more. The resulting pellet was suspended by homogenization in 20 volumes of 2.2 M sucrose, 1 mM MgC12, and 0.1 mM dithiothreitol and centrifuged at 30,000 X g for 60 min. The nuclear pellet was washed successively with 10 volumes of 0.1 M Tris. HCl (pH 7.4) and 10 volumes of 0.14 M NaCl; the mixture was sedimented at 2000 X g for 10 min on each occasion. Finally, the pellets were washed with cold distilled water until a clear chromatin gel was obtained. Both fetal liver and brain chromatin were prepared in this manner. To estimate the concentration of endogenous globin mRNA sequences in chromatin from mouse fetal liver, a sample was extracted directly by a modification of the Penman procedure (16 tin; the RNA in the supernatant was then purified by the method of Penman (16) . RESULTS 
AND DISCUSSION
Because of the relative longevity of globin mRNA in polysomes, concentrations of mRNA large enough to be detected in a cell-free system accumulate. This situation is unlikely to obtain for RNA synthesized in vitro from chromatin. Here a much more sensitive analysis is needed, and we have adopted the technique of hybridization to cDNA. The method is demonstrated in Fig. 1 , which shows titration curves of constant amounts of cDNA to increasing amounts of mouse reticulocyte 9S RNA and reticulocyte polysomal RNA. Maximum levels of hybridization for 9S RNA were obtained at input RNA/cDNA ratios of 1-1.4, consistent with the finding that about 60% of the 9S RNA sequence is represented in cDNA (Young et al., in preparation). With reticulocyte polysomal RNA maximum hybridization was obtained at ratios of about 50, which is consistent with the known 9S RNA content of reticulocyte polysomal RNA (2%). It should be mentioned that a small amount of cDNA is not complementary to 9S RNA; hence, in practice, 100% hybridization is never attained. In addition, a few percent of cDNA is also double stranded, which accounts for a constant background.
RNA transcribed in vitro from mouse fetal liver chromatin and mouse brain chromatin was hybridized in the same manner (Fig. 2) . RNA from brain chromatin did not show significant hybridization above background, while that from fetal liver chromatin hybridized to about 40% of the cDNA at input ratios of 25,000. In a control incubation mixture containing mouse fetal liver chromatin and all the other components of the reaction mixture except GTP, no significant hybridization with cDNA was detected. In these experiments, RNA inputs sufficient to achieve saturation of cDNA were not attained because the amount of RNA synthesized in the reaction was limited. Because of the high ratios of RNA to DNA required, it is important to eliminate the possibility that the hybridizing RNA from liver chromatin might be derived from endogenous chromosomal RNA rather than from RNA transcribed de novo by the bacterial polymerase. RNA was, therefore, prepared from fetal-liver chromatin as before, but incorporating highly labeled [32P]ATP (1 Ci/ mmol). After hybridization of the labeled RNA to cDNA, the reaction mixture was diluted to 0.5 ml with 0.1 M NaCl, 0.05 M Tris-HCl (pH 7.5) and treated with 20 ,ug/ml of ribonuclease for 1 hr at 300. The reaction mixture was passed through a Sephadex G-75 column in 0.1 M NaCl. The excluded material, which contained less than 0.1% of the original 32p counts in RNA, was centrifuged to equilibrium in a CsCl gradient (18) . Hybridized and unhybridized [3H]cDNA can be separated by this technique, while any undigested [32p]-RNA fragments are pelleted. Fig. 3 shows the distribution of 3H and 32p label obtained. Most of the 3H label appeared in the lower half of the gradient at a density of 1.78, at which RNA-DNA hybrid would be expected, while unhybridized cDNA formed a smaller band at a density of about 1.71. The fraction of total RNA recovered as a component of the hybrid was calculated to be 4 X 10-6 approximately. These characteristics strongly suggest that the heavier band contained a hybrid between cDNA and newly synthesized RNA; 32p label was found to be associated with the hybridized cDNA in amounts from which, if this were the case, it could be calculated that [32P]RNA comprised at least 80% of the hybridized RNA. The alternative possibility, that this band might be due to a partial hybrid between cDNA and poly(A) was tested by incubating 500 jg of poly(A) (molecular weight about 100,000) with 1 ng of cDNA in standard hybridization conditions and banding the resulting preparation on CsCl (0 after treatment with ribonuclease and separation on Sephadex G-75 as before. Only a (slightly skewed) peak at the density of cDNA (1.71) could be demonstrated. These findings imply that. in the presence of E. coli DNAdependent RNA polymerase, fetal liver chromatin can act as a template for the synthesis of RNA containing globin mRNA sequences, while brain chromatin cannot. This observation would seem to confirm our previous findings (1-3), which we interpreted as implying that non-DNA, components of chromatin confer a restriction on transcription which results in the copying of some sequences and not others. However, in the present work, the evidence relates to a specific messenger RNA transcribed from a unique DNA sequence.
Since completion of this work we have learned that D. Axel and G. Felsenfeld, studying RNA from duck reticulocyte chromatin, have made similar observations.
